Introduction
Corn (Zea mays L.) is widely cultivated in small family farms in the state of Rio Grande do Sul, in which the conservation and protection of stored grains constitute an alimentary, social and economic need (Ribeiro et al., 2008) .
Corn weevil (Sitophilus zeamais Motschulsky 1885) is the main pest species of stored corn (Ceruti & Lazzari, 2005) , due to its high biotic potential and capacity to attack grains both at field and in deposits and to survive at great depths in the mass of grains, besides being cosmopolitan and requiring a short period to complete its cycle (Faroni, 1992) . Furthermore, the primary pest can infest entire grains, favoring the occurrence of secondary pests (Gallo et al., 2002) .
The control of S. zeamais varies widely between different regions. In general, chemical control has been the most adopted, generally applied preventively using liquid insecticides sprayed on the grains at the entrance of the storing unity (Arthur, 1994; Silva et al., 2007) . In already infested grains, the control has been preferentially performed using liquid or solidified fumigants, such as phosphine (Almeida et al., 1999) .
Currently, agro-ecological researches search for alternative controls in order to avoid imbalances caused by the inadequate use of chemical products, which lead to the need for rethinking the control tactics used in the integrated pest management, especially when it comes to products ready for consumption (Porto & Soares, 2012) .
The use of inert dusts, a technique used by family farmers before the advent of synthetic insecticides, has reemerged as an important alternative for the control of pest insects in stored grains (Lorini, 1998) . According to Subramanyam & Roesli (2000) , inert dusts act physically, through abrasion of the insect's body, which leads to the destruction of the lipid layer that forms the external surface of the cuticle, facilitating the loss of water and, thus, causing its death by dehydration.
Therefore, considering the necessity of using alternative forms of control, this study aimed to evaluate the efficiency of inert dusts in the control of S. zeamais under laboratory conditions.
Material and Methods
The experiment was carried out in 2014, at the Insect Ecology Laboratory of the Federal University of Pelotas, in Pelotas-RS, Brazil. The insects were obtained from the insect rearing of the laboratory and placed on corn grains in 400-mL glass jars with opening of 10 cm of diameter, involved in the upper part with a voile fabric and fixed with a rubber band.
The treatments consisted of basalt dust with granulometry of 0.1 mm (A), 0.3 mm (B) and 0.5 mm (C), and diatomaceous earth (INSECTO ® ), all at the doses of 2 and 4 kg t -1 of corn grains. The control treatment received no application of the products (Table 1 ). The experiment was set in a completely randomized design, with nine treatments and four replicates. Each sampling unit consisted of Petri dishes (90 x 15 mm) with 20 g of corn grains, with moisture content of 12%, which were mixed and agitated manually for 2 min along with the inert dusts at the doses of 2 and 4 kg t -1 . Treated corn grains were then infested with 10 unsexed adults of S. zeamais with 10 to 14 days of age, arranged in each replicate and maintained in a BOD (Biochemical oxygen demand) chamber, at temperature of 25 ± 3 ºC, humidity of 70 ± 10% and photophase of 12 h. The number of live insects was evaluated from the first to the 29th day after treatment. The number of live insects in each dish was quantified, and the insects that did not move for 2 min were considered as dead (Antunes et al., 2013) .
The diatomaceous earth used ( Figure 1D ) was the base of the commercial product INSECTO ® , from the company Bernardo Química, São Vicente, SP. It is an inert dust registered and recommended for the control of pests in stored grains, composed of silicon dioxide [867 g kg -1 (86.7% m m -1 )] and inert ingredients [133 g kg -1 (13.3% m m -1 )]. The basalt dusts used in the experiment differ with respect to granulometry ( Figure 1 ) and were obtained from the company Ekosolos Indústria Remineradora de Solos Ltda., located in the state of Paraná. Ekosolos' basalt dust is a mixture of two finely ground basalt rocks: Microgabbro ( Figure 1A ) and Basaltic quartz latite ( Figure 1B and C) ( Table 2 ). This mixture has granulometry lower than 0.9 mm, forming gradient until 200 mesh.
The insects were evaluated at 5, 9, 13, 17, 21, 25 and 29 days after treatment, through the number of live insects in each of 51.13% in treatment A and 65.46% in B and C, followed by other constituents with lower percentages (Table 2 ). All the treatments with basalt dusts and diatomaceous earth differed from the control (without application) after 21 days of exposure (Table 3) .
According to the results, the treatments with diatomaceous earth showed the highest efficiency, compared with the others, with value of 100% in the control of S. zeamais at both doses from 9 DAT on (Table 4) .
For the three types of basalt dust, the evaluations also showed a satisfactory control in comparison to the control treatment, increasing the efficiency to 90%, at 29 DAT. In general, the mortality was more pronounced 29 days after treatment, confirming that it increases with the increment in the time of exposure.
At 9 DAT, the mean number of live insects between both doses for the basalt dust A and B did not differ significantly, despite the significant difference between these treatments and the diatomaceous earth. On the other hand, at 29 DAT the treatments with basalt dust of different granulometries The data of live insects were subjected to analysis of variance and the means were transformed to √x + 0.5 and grouped by Tukey test at 0.05 probability level, using the program SAS ® (SAS Institute Inc., 2000).
Results and Discussion
Through the analysis of variance, the chemical composition of the basalt dusts used in the study evidenced that silicon dioxide was the major component of the samples, with contents DAT -Days after treatment Table 4 . Efficiency of control (EC%) of three types of basalt dust, with granulometry A (0.1 mm), B (0.3 mm) and C (0.5 mm), and diatomaceous earth on adults of S. zeamais, evaluated as a function of time of exposure under laboratory conditions during 29 days CV -Coefficient of variation; Means followed by the same letter in the columns do not differ by Tukey test at 0.05 probability level Table 3 . Mean values of live insects of Sitophilus zeamais, evaluated as a function of tie of exposure and different doses of basalt dust with granulometry (0.1 mm), B (0.3 mm) and C (0.5 mm) and diatomaceous earth under laboratory conditions during 29 days and the treatments with diatomaceous earth did not differ significantly.
Pinto Júnior (2008) , studying the mortality of Sitophilus oryzae (Linnaeus, 1763) exposed to different doses of diatomaceous earth, observed effect between the dose and the period of exposure, i.e., longer periods of exposure at the highest doses promoted better control of the insects, which was confirmed in the present study. The data in Table 3 show that, at 5 DAT, there were significant differences between the doses of the basalt dust C and the same occurred at 9, 13 and 17 DAT.
In general, the treatments based on basalt dust and diatomaceous earth at both doses drastically reduced the mean number of live insects of S. zeamais in relation to the control, for all times of exposure. With the increment in days after treatment, the survival was approximately zero.
In a study on the insecticide activity of two types of diatomaceous earth on Rhyzopertha dominica (Fabricius, 1972) and S. oryzae, Baldassari & Martini (2014) observed that diatomaceous earth at all times of exposure differed significantly from the control and caused mortality higher than 70%. After 14 days of exposure, insect mortality was than 88% in all the treatments and no difference between the treatments with diatomaceous earth, corroborating the results obtained in the present study (Table 4) .
The results obtained in the present study are similar to those reported by Silva et al. (2007) , who studied the effects of rock dusts and shale by products on the control of S. zeamais in stored corn grains and observed that the number of live insects in treated corns reached zero from 30 DAT on.
The diatomaceous earth at the dose of 2 kg t -1 showed good efficiency of control. In a similar study, Morais et al. (2009) evaluated the effect of diatomaceous earth as an alternative control of Oryzaephilus surinamensis (Linnaeus, 1758) in stored corn and observed that the dose of 1.5 kg t -1 was sufficient to kill all the insects, confirming its efficiency. Mewis & Ulrichs (2001) observed that at low doses of diatomaceous earth (0.2 and 4 g cm -2
), a longer time of exposure is necessary to reach a satisfactory result in the control of Tenebrio molitor (Linnaeus, 1758), Sitophilus granarius (Linnaeus, 1875) and Plodia interpunctella (Hubner, 1813) . Also according to these authors, the increase in the time of exposure is related to the mode of action of inert dusts on the insects.
Inert dusts efficiency can be influenced by many factors, such as grain moisture and temperature. The corn grains used in the study showed moisture of 12% and temperature 25 ± 3 º C, which contributed to the efficiency of the dusts. Lorini (1998) observed that the efficiency of inert dusts depends on whether the grains are dry or not, with moisture lower than 13%. In addition, Antunes et al. (2011) observed that corn grains with 14 and 16% of moisture showed higher percentage of damage caused by S. zeamais and Tribolium castaneum (Herbst, 1797) , being more easily attacked by these species. Le Patourel (1986) studied the effect of moisture content on the efficiency of control of sorptive silica dust in four beetle species [S. granarius, T. castaneum, Cryptolestes pusillus (Schoenherr, 1817) and O. surinamensis] in wheat with different moisture contents. This author observed that the tolerance of these species to the silica dust treatment increases with the increment in moisture content, which obviously reinforces its sorptive character. The diatomaceous earth has higher effect of adherence to the epicuticle of the insect, in comparison to the basalt dust (Subramanyam; Roesli, 2000) , and the mixture of inert dusts can intensify the insecticide effect, increasing the adherence to the insects.
One of the reasons for using diatomaceous earth in largescale storage is the fact that it is efficient at lower doses, which in this case also supports the use of basalt dusts, because both are efficient in the same volume of application. Considering the evaluated doses, diatomaceous earth and basalt dust did not show significant differences at 17, 21, 25 and 29 DAT; thus, the lowest dose (2 kg t -1 ) can be used. Since the insects have small bodies, with long appendices, they have large evaporation surfaces per unit volume, facilitating the loss of water (Ebeling, 1971) . According to this author, the death occurs when the insects lose 30% of its total weight or 60% of the body water content. According to Subramanyam & Roesli (2000) , silica dioxide is able to break the wax layer of the epicuticle of insects. Thus, with the composition of the basalt dusts used in the present study, with SiO 2 content of 65.46% (Table 2) , it is expected that they adsorb the molecules of the wax layer on the insect surface (Figure 2) , leading to the break of the protective lipid layer and the consequent loss of liquid by the body, causing death.
On the other hand, in a similar study, Ribeiro et al. (2008) evaluated the efficiency of inert dusts in the control of S. zeamais until 21 days of exposure and observed that insect mortality was associated with a probable fago-deterrent action of the products or even resulted from the decrease in movement and activity in the mass of grains, caused by the adhesion of particles from the treatments to the body of the insects. Images made with a Zeiss Discovery.V20 stereomicroscope equipped with a Zeiss AxioVision 4.8.2 system
